Purpose: This study aimed to calculate cut-off values of activities of daily living independence level for stroke patient home discharge based on the number of family caregivers. Method: The subjects comprised 1442 stroke patients (26 hospitals) who were registered of the Japanese Rehabilitation Database. Receiver operating characteristic curves were used to elucidate the BI and FIM instrument scores necessary for home discharge. Analysis was performed for each subject according to the number of family caregivers, i.e., no caregiver, one person, two persons or more, and overall. Result: The BI cut-off points that discriminated between home discharge and other were 65/60 points overall, 75/70 points in patients with no caregiver, 65/60 points in patients with one caregiver, and 60/55 points in patients with two or more caregivers. The FIM instrument cut-off points were 90/89 points overall, 101/100 points in patients with no caregiver, 87/86 points in patients with one caregiver, and 87/86 points in patients with two or more caregivers. Conclusion: Our results indicated that home discharge for patients with many caregivers was possible even with low ADL independence levels, and that there was a large difference in cut-off values depending on the presence or absence of one caregiver.
S troke is a major cause of long-term disability and reason underlying the need for nursing care 1, 2) . Rehabilitation services are frequently provided with the aim of improving the independence level of activities of daily living (ADL) in stroke patients and their chances of returning to home. The Japanese Guidelines for the Management of Stroke pointed out that "when implementing a rehabilitation program, the prediction and use of functional prognosis; duration of hospitalization; and outcomes based on ADL, impairment, patient attributes, comorbidities, and social background as a reference are recommended" 3) . It is important to predict the discharge destination of a stroke patient for the implementation of effective intervention.
Whether or not a stroke patient can return home is associated with ADL independence level at hospital discharge [4] [5] [6] [7] . Hamaoka et al. 8) reported that the cut-off values of the motor and cognition subscales of the FIM instrument for stroke patient home discharge were 57.5 and 23.5 points, respectively. Sugiura et al. 9) reported that an FIM instrument motor subscale score of less than 39 at discharge indicated that home discharge for stroke patients aged over 85 years was difficult. These reports are useful indices for understanding how essential the ADL independence level is for stroke patient home discharge.
Conversely, the presence of family and the number of caregivers are also reportedly associated with stroke patient home discharge 7, [10] [11] [12] . This means that home discharge of stroke patients depends on the number of family caregivers, even in patients with the same ADL independence level. Therefore, the cut-off values of ADL independence level for stroke patient home discharge should be calculated based on the number of family caregivers. However, to the best of our knowledge, no reports have calculated the ADL independence level necessary for stroke patient home discharge based on the number of family caregivers. Clarification of the ADL independence level for home discharge based on the number of family caregivers is useful for predicting the discharge destination and the value of target rehabilitation. Therefore, the purpose of this study was to calculate cut-off values of ADL independence level based on the number of family caregivers required for home discharge in subacute stroke patients to tailor rehabilitation toward home discharge.
Methodology
For the present study, we used data from the Rehabili- The Rehab Patient DB was created to promote the development of evidence for rehabilitation medicine. It was confirmed that there was no ethical problem in light of the ethical guidelines of epidemiological studies by the Japan Association of Rehabilitation Medicine Data Management Committee.
Subjects
The subjects comprised 4949 stroke patients (41 hospitals) who were registered in the 2014 version of the Japan Rehabilitation Database ( stroke, Kaifukuki rehabilitation wards). This study included 1442 stroke patients (26 hospitals) who met the inclusion criteria and excluded those with missing and abnormal records ( Fig. 1 ). The exclusion criteria were death, changing hospital due to sudden turn for the worse, gastrostomy, and individuals who lived in nursing homes or other residential facilities prior to stroke onset.
Measurement
The analysis items were as follows.
The subject characteristics included age, sex (male or female), stroke side (right or left, diplegia, or none), stroke type (cerebral infarction, cerebral hemorrhage, or subarachnoid hemorrhage), duration from stroke onset to admission, length of hospital stay, and discharge destination (home or other). Data on the number of caregivers as a nursing force for stroke patients were also collected. The ADL indices were the Barthel index (BI) and the FIM instrument 13 ) at the time of admission and discharge.
The BI assesses feeding, bathing, grooming, dressing, bowels, bladder, toileting, transfer, mobility, and stairs. Self-care is scored from 0 (complete dependence) to 100 (complete independence) points 14) . The reliability and validity of the BI have been confirmed 15, 16) .
FIM instrument items are scored using a 7-point scale, where 1 indicates complete dependence, 5 indicates ADL=Activities of daily living; BI=Barthel index; FIM ® =FIM ® instrument supervision, and 7 indicates complete ADL independence 17) . The reliability and validity of the FIM instrument have been confirmed in stroke patients 18) .
Statistical analysis
Receiver operating characteristic (ROC) curves 19) were used to elucidate the BI and FIM instrument scores necessary for home discharge in stroke patients. Analysis was performed for each subject according to the number of family caregivers, i.e., no caregiver, one person, two persons or more, and overall. Furthermore, cut-off values and their sensitivities and specificities were calculated based on the ROC area under the curve (AUC) and Youden's Index 20 ) . SPSS 22.0 statistical software (IBM, Armonk, New York, USA) was used for all statistical analyses. A p-value of < 0.05 was considered statistically significant. Table 1 , 1152 patients were discharged home and 290 patients were discharged from hospital to other destinations. Table 2 shows each BI and FIM instrument scores at the time of admission and discharge. Table 3 shows the cut-off values of ADL scores on discharge for the number of caregivers per subject. The BI cut-off values that discriminated between home discharge and others were 65 / 60 points ( AUC 0.86, sensitivity 78.4% , specificity 79.0%) overall, 75/70 points (AUC 0.86, sensitivity 82.2%, specificity 82.5% ) in patients with no caregiver, 65 / 60 points (AUC 0.87, sensitivity 79.6%, specificity 81.6%) in patients with one caregiver, and 60/55 points (AUC 0.89, sensitivity 75.9%, specificity 89.3%) in patients with two or more caregivers. The FIM instrument cut-off values were 90 / 89 points ( AUC 0.86, sensitivity 78.4% , specificity 79.0% ) overall, 101 / 100 points ( AUC 0.88, sensitivity 77.9%, specificity 87.3%) in patients with no caregiver,87/ 86 points (AUC 0.88, sensitivity 78.9%, specificity 82.4%) in patients with one caregiver, and 87/86 points (AUC 0.90, sensitivity 73.4%, specificity 96.4%) in patients with two or more caregivers. 
Results

As shown in
Discussion
Subacute rehabilitation unit programs facilitate ADL independence for home discharge. The advisability of home discharge depends not only on ADL independence but also on the power of family care, age of the caregiver, and support frequency 21) because nursing for stroke patients is generally conducted by the family members with whom the patient lives 22, 23 ) . Furthermore, other previous studies have pointed out that the type of discharge is influenced by the presence of a spouse [24] [25] [26] and social support [24] [25] [26] . Herein, we focused attention on the number of family caregivers because it is easily accessible to rehabilitation staff during hospitalization. To our knowledge, no reports have quantitatively shown the ADL independence level necessary for home discharge according to the number of family caregivers. Therefore, the aim of this study was to score ADL independence level quantitatively according to the number of the family caregivers in subacute stroke patients who received frequent rehabilitation aimed at home discharge.
Our results indicated that the ADL independence level in stroke patients necessary for home discharge was different according to the number of family caregivers, and that home discharge for patients with many caregivers was possible even with low ADL independence levels. These results are in agreement with previous studies [10] [11] [12] , which also reported an association with the number of family caregivers and home discharge. In addition, this present study indicated that there was a large difference in cut-off values depending on the presence or absence of one caregiver.
Furthermore, AUC, sensitivity, and specificity confirmed that the cut-off values in this study had high identification ability. Therefore, these cut-off values are valid and could potentially become a quantitative guide for the independence level necessary for home discharge. This indicator may be useful as a concrete target point for carrying out ADL rehabilitation in stroke patients aimed at home dis-charge. BI and the FIM instrument are commonly used and have been demonstrated to be reliable and valid 3 ) . Therefore, the findings of this study are practical. However, in the future, external validity will need to be examined.
One of the limitations of this study is that we did not address other factors that are considered to be related to the possibility of home discharge (e.g., power of family care, age of the caregiver, and support frequency). The cut-off values of this study had certain accuracy ; however, an analysis that's includes those factors may make it possible to create an indicator of higher accuracy. In addition, this study had wide range characteristics of subjects. Stratified analyses of age and stroke severity are needed in future.
Conclusion
This study calculated the cut-off values of the BI and FIM instrument for home discharge based on the number of family caregivers in stroke patient. Our results indicated that home discharge for patients with many caregivers was possible even with low ADL independence levels and that there was a large difference in cut-off values depending on the presence or absence of one caregiver. The cut-off values calculated in this study have certain accuracy and may be a useful indicator when the advisability of home discharge was discussed.
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